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ABSTRACT. The absorption spectra c|f anisole (C8H5.O.CH3) have been studied 
in the liunid and solid states in the ultraviotit region. In the liquid state three bands 
have been observed in the region 2 6 5 0 - K, Absorption again begins at about 2 3 7 0  & 
and total absorption occurs below 2330 A,’ In the solid stale at about—i7o“C, these 
three bands split up into six bands, ith jthc first band at long wavelength side slightly 
shifted towards the shorter wavelength side ^om its position in the liquid state. It is 
pointed out that in the solid state at low , temperatures the electronic energy levels are 
perturbed by the intermolecnlar field.
i n t r o d u c t i o n
It is well known that many organic substances in the vaj^our state 
exhibit bands with distinct structures in the ultraviolet absorption spectra 
and that in the liquid state the structure is modified owing to the influence 
of the intermolecnlar field. In the case of benzene, for instance, Kronen- 
berger and Pringsheim (1926) observed that the absorption spectrum in the 
vapour state consists of a large number of bands, each consisting of a large 
number of narrower bands, and in the liquid state the absorption spectrum 
consists of only broad bands, the structure being hardly visible. In the 
solid state at — i7 o °C  again, the width of the individual bands diminishes 
considerably and fine structure is replaced by a few fainter absorption lines 
in the intervening regions.
The question whether the bands generally behave in the same way on 
lowering of temperature and on solidification in the case of aromatic organic 
compounds, having both polar and nou-polar molecules, has not been fully 
investigated. Also it is only the comparison of the absorption spectra in 
the liquid and solid states that can show whether any profound change in 
the electronic energy levels of the molecules takes place with the change 
of state. Such an information would be helpful in understanding also the 
changes which take place in the Raman spectra of these substances with the 
change of state.
In a programme of work undertaken for this purpose, the absorption 
spectra of anisole in the liquid and solid states have been studied in the 
■ ultraviolet region in order to compare these with the absorption spectrum 
recorded by Sreeramamurty (1950) in the case of vapour, and to find out
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whether iu the case of these polar molecules any striking change occurs with 
solidification of the liquid. The results have been discussed in the present 
paper.
E X P E R I M B N T  A tf
The source of ultraviolet continuum was a hydrogen discharge tube, 
made of pyrex glass, provided w ith , quartz window and aluminium elec­
trodes prepared in the laboratory. The tube was run at about 3 K .V . Pure 
anisole supplied by was redistilled in vacuum three times before
use. The liquid cell consisted of a pair of plane parallel quartz plates with 
a thin film of the liquid between them and held in a suitable brass frame. 
It was found that even the small thickness of the film was too large and 
produced total absorption in the region of the bands. The plates were then 
pressed together and very carefully slided along each other so as to reduce the 
thickness of the film. In this way it was possible to obtain a particular small 
thickness of the film which produced bauds in the absorption spectrum.
For studying the absorption spectrum of the substance in the solid state, 
a Dewar vessel of fused silica was used to contain liquid oxygen, and the 
brass frame containing the cell with the liquid was introduced into the 
Dewar vessel, so that the lower part of the frame was dipped in liquid oxygen. 
No ice was found to be deposited on the surfaces of the cell, as the moisture
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A— Liquid oxygen 
B-—Brass frame containing the cell* 
C—Spectrograph slit 
D— Discharge tube 
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in  th e  a ir w as condensed  at the m outh o f the vessel. K n tran ce of m oisture 
into th e  vessel w as a lso  prevented b y the upw ard  d rift of air due to rapid 
evap o ratio n  o f the liqu id  air. T w o  p ieces of p y rex  glass tube, each 
ab o u t one in ch  in  len g th , w ere sealed on the opposite sides of the I)ew;ar 
vessel w ith  sea lin g  w a x  and the ends closed  b y  quartz plates in order to 
p reven t d ep o sit of m oisture in the p ath  o f the lig h t  beam  (F ig . i . ) .  T o  
m ain tain  a fa ir ly  stead y tem perature inside the ce ll, the level of the liqu id  
o x y g e n  w as a lw a y s  k e p t ju st below  (the cell a fter a llo w in g  the low er portion 
of th e  brass fram e to  d ip  in th e  liq u id  ^ x y g e n .
A n  A d a m  H ilg e r  E i  q u artz  speetcograph, g iv in g  a dispersion o f abo u t 
3 A .U .  per m m . in the region  of 2600 ]S. w as used in the present in vestigation . 
In  th e case o f th e  liq u id , an exposure? of 6 m inutes on Ilfo rd  H .P .3  film s 
w as sufiicien t, w h ereas, in the case? of the solid an exposure of one and a 
h a lf h o u rs w as n ecessary. T h is  w as d|ie to the fact that the uneven w alls
i
o f th e  D ew a r vessel used in  the la tt lr  case scattered aw ay a large  portion of 
the rad iation .
R E S U L T S  A N D  D I S C U S S I O N
T h e  absorptioti sp ectra  fo r the substance in the liquid  state at 30®C and 
in the so lid  state  at abo u t — i7 o ° C  are reproduced in P late  I X .  T h e  w ave 
num bers o f the bauds are g iv en  in T a b le  1, a lo n g  w ith  those reported for 
the so lu tion  o f anisole in eth er b y  K a to  and Som eno (1Q38).
T h e  sharp bands, large  in num ber observed in the case of vapour 
(S reeram am u rty , 1950), are replaced b y  three broad bands in the liquid  state. 
T h e  sp ectrogram  resem bles that observed in  the case of solution o f anisole
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in ether b y  K a to  and Som eno (1938). T h e y  observed  fo u r  b an d s, th e  
frequ en cy-differen ce betw een  successive b an d s beings 900 c m ” ' ,  w h ereas, in  
the present in vestigatio n  o n l y  three b an d s a re  o b served . T h e  ce n tres  o f 
these broad bands at 35845, 36760 and 3766S c m " ' re sp e c tiv e ly , m a y  c o r­
respond to the first three bands o bserved  in th e  case o f  th e  so lu tio n . In  
th e vapou r state the 0-0 band observed b y  S reeram am u rty  (1950) is a t 36359 
c m " '.  T h is  show s that the bands have sh ifted  to w ard s the lo n g e r  w a v e le n g th  
side w ith  ch an ge from  vapour to  liquid  phase. W h e n  the liq u id  is  so lid ified , 
three bands, corresponding to those observed  in th e case  o f th e  liq u id , are 
observed in positions s lig h tly  sh ifted  tow ard s sh orter w a v e le n g th s  and  
each of these th ree  bands is fu rth e r fo llo w ed  b y  an o th er band sh ifted  fro m  
th e form er by about 460 cm "* tow ard s sh o rter w a v ele n g th s.
T h is  phenem enon can n ot be considered  as sh a rp en in g  an d  s p lit t in g  u p  
of the broad bands in th e solid state, because in the position  o f  th e  th ree  
n ew  bands there are no absorption m inim a in the case o f th e  liq u id . A ls o  
the n ew  freq u en cy -sh ift 460 cm "* betw een th e first and th e  secon d  band 
observed in the case of the solid  is not o b served  in the case o f the liq u id . 
F rom  these fa cts  it can  be con clud ed  th a t the e lectro n ic  co n fig u ra tio n  in th e  
m olecule un d ergoes ch an g es w ith  so lid ificatio n  o f the substan ce. F ro m  
a com parision o f the absorption sp ectru m  of th e  vap o u r rep ro d u ced  b y  
Sreeram am urty (1950) w ith  th at for th e  liq u id  observed  in th e  present in­
vestig a tio n , it is foun d  th at th e  stru ctu re  o f th e  baud s observed  b y  th e fo rm er 
author is absent in the case of the liq u id . T h is  ag ain  is due to  th e  in flu en ce 
o f the in term olecu lar field  in the liqu id  s ta te . I t  h as to be p o in ted * o u t in 
th is  con n ection  th a t the bands on the lo n g e r w a v elen g th  sid e o f 0-0 band 
observed b y  Sreeram am u rty are n ot observed  in th e case of th e  liq u id  in th e  
presen t in vestig atio n . F u rth e r, th eo retica lly  the in ten sity  o f th e  0-1301 or 
0-1412 band o u g h t to be too feeb le  to be reco rd ed  in the sp ectro g ra m .
A C K N O W L E D G M B N T S
T h e  author w ish es to  exp ress h is in d ebted n ess to  P ro f. S . C . S irk a r , 
D .S c .,  F .N .I .  fo r h is k in d  perm ission  to  c a rry  o u t th e  in v e stig a tio n  in  
th e laboratory of the O p tics D ep artm en t an d  for h is  g u id a n ce  d u r in g  th e  
progress' o f the w o r k . . T h a n k s  are a lso  d ue to  S r i B . M . B ish u i fo r  h is  
encou ragem ent in  the w o rk .
O m es D e p a r t m e n t  
I n d i a n  A s s o c ia t io n  f o r  t h e  
C u iT iV A T io N  OF S c ie n c e  
C a i ,c u i t a
R K P E R E N C E S
Kato, S. and Someno, F., 1938, S c i .  P a p .  I n s t .  P h y s .  C h e m .  R e s .  T o k y o ,  3i ,  905 and 
912.
ll^ronenberger, A. and Pringsheim, P. 1 9 3 6 ,  Z . f .  P h y s . ,  10, 75
Sreefamamnrty, K „  1950, Ind. J. P h y s . ,  81, 431.
